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LCT PROTECTIVE DUMP SWITCH TESTS*

U. M. Par:ons
Los Alamos Natinnal Laboratory

Los Alarr., NM 87545

Surmn—.

Each of the sfx cofls in the Large Coil Task (LCT)
has a separate power supply, dump resistor, and
switching circuit. Each switching circuit contafns
five switches, two of which are redundant. The three
rcnainlng switches perform separate duties in an
emergency dump situation. Thesd three switches were
tested to determine their ability to meet the LCT
conditions.

The power supply crowbar s~ftch in LCT is re~uired
to close on 25 kA at a low voltage and to Carry this
current on .3 continuous basis. Ln oil cooled, high
cur,-ent bypass switch was successfully tester: for over
70[) make operations at ?~ kA and run continuously for
eic,ht hours without excessive temperatu-p r!se.

The interrupter hypas; switch in LCT is required

tc carry ?7.$ kA continuously anrl to Interrupt this
current dnrt rtivert it into a parallel connected IIc

interrupter. It must then withstand a 5 kV arc voltaqc

opnerat~d h) the dc Interrupter followed hy a ?.< kv

dump resistor voltaqe. More than ?OC synthetic te{t$
wrrr performed al ?$ kA anrl 10 kV. Almost 41)

,arlditlondl testf involvinq full current transfert anrl

clrcu!l hrPdkrr lnterrupt!on~ were dlso complrted.
l~oth sets of t~$t> were rlonr with and wfthrvut nll in
thr switch,

Thr rlr int~rruptrr in lf~ if required to rlivrrt

;“I kA tnto d (),1 nh,n, ?’) ,,)1 rr$!$tor. Thi\

cnmnerctdlly avallahlr switch was $uhioctr=d !II ovor 1?[1
int~rruptlon< rdnqlnq from ‘> 1(J ?H kA, Althou\]h ~vrry

interruption Wn ‘1 fuccos<ful , thr hrodk~r hdrl
c(>n%frterdh)p troilhlr inf(,rruptfnq currrnt.. with

rc(nvery voltdqr~ in rz(of., of ahnut 1.’, kv. Two

lmtrrrup!o, $ cnnn~ctrrl in srrier. Improveft porformfln(c
~t thr$c hlqh~r vnltdqrc.

[ntrnftu( tinn

i~~ at tho (’,dk qidqt’~d?inndl ~dhorat,ry (’lrr!Jl )

Ufll te$t dn *rrdy of \fl Super(nnffu( tlnq ?nk,4mAi

t(~rOfddl field (’oil$. lhr hiqh Pnprqy anrl ( (lfr
O\’,0(’idtPft u{th ~bt h C(;!l nr( Oft!tfltr{ the uI. r of ,)
protcctlvc ~,,mp rfr(ult !0 an Pmorjrn, v
SItufltfor.1 Ifvr Inrllvfdudl $wit(’he,, find d riuml,

r? ,!$tnr crvmprlft, rd(h prntrrttvc dump clr( (lit. Iwo “f

thl, fivr $wlt(hr~ nrr rodunrlant.

Thr thr~c rpdminfnq sw’tctle$ aro thf, I,oucr (UIJIJIY
( rowt,dr \wltrh 11)’,( ‘), thr !n!rrrupf~~ fvyl)i.,~ fwit(h
(I!p), dnd thv d[ ( Ircult hrrdkrr [D{’( 1!), Ilcth l)”lr~and

II o d r~ MO(!I fled vrrfion,, nf o swftrh thn! wd’.

nrfqfndlly dPvrlcII)rd IV: ln~ A]dmc$ for ulr in A hfqh
( :Irr,pnt vac uum Intrrrult!dr sy<!rm. Thr Iedunrfnnt
swlt(-ho! Includr fln(~[hnr intrrrul)t~r hypa$$ fwft{h flnrl
(f, !’tl[uit I)rrdk@f- uhl(h AI”O u<r!f 4$ d (efonifdry \y\tom

If !h, Ilrfmary \y$tr’n f,li!t.

~ lquro 1 if A {( hrm~?(( (If ?hp Ijrntr[ ttvr frump

(irfuft f(:r d slnqle (oft, I hr sy<tem oprrrntri n -,
fill lrvw\. All \wft[hr\ drr Irrftidlly ( ln\Pfl P!(epr
P’,( ‘,, nnfi ~ol of thr (urront flnw~ throuqh ffl’l
W+lle 10” flow\ thr~uqh !)(’(”11, dt?(! [ll_CH7, Hhrn

i\ rv(rlvrfi to inftfdlu An mmerqr+n(y dump, ,1 f

~u(l)’k I)rr fornvod undrr thr aufol(e{
11,’,, llepartwnt nf lnorqy.

.

() f thr

Fiq. !. Pr~tpctlve dump cirrllit.

qiven tn l’iCf to (lo\c and to tho powr~. supIIly to turn
off, The cloqure of P$C\ removes thr o,ltljut indu( tanc~,

of thr power supDly t’ut easinq thr intprruptlon rluty

nf [JCfll and al<n protrcts the power supply from any
voltdqr translpnt$. klhen P5r$ hd< rlo$od. DP
tfl rvpPn,

hl?qin<
IiThif trdnsfe-< t?p full cur,rrl[ in n MCI] .

Uhep IIJ’l hd~ full: n~enrrf, PCCH1 i< qiven a

tr(t~,

Siqndl n

The opcninq of DCIII, credt~-, ,1 hi,lh ari voltaqr

find ‘ran$fPr$ dll tho Curron! to rfum[~ rt,${~!(l,. R. If
fn , s(lmr reason th{$ tran<for i~ nnl (omplotrfl,

rorlundnn! $w{t(.hcf [Irl
(

and ,)1-(-11}thrn o:~fn iH thr r,,+mr

trqurn(r .3c, 11~1 and II (’1~, .

.
w

Ps PSCS R!!! :—.——.
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SI n of contact bounce or excessfve erosion.
?

The
sw tch was then run for efaht hours at 25 kA. The
temperature rise was no gr;ater than when the contacts
were new.

The Interrupter Bypass Switch

The interrupter bypass switch also has two basic
dutfes--to carry 22.5 kA continuously and to “break”
this current and dfvert It into the parallel dc circuft
breaker. A picture of this switch in the test facility
is shown in Fig, 3. The swftch in the background fs
the PSCS. After transferring the load current to the
Interrupter, auxilllary contacts on BP energize the
trip coil of the dc circuft breaker. This circuit
breaker generates arc voltages as high as 5 kV. BP
must not restrike under thc:e voltage transients.

After temperature rise tests at 22.5 kA were
completed, two sets of transfer tests were performed on
this switch. The f’-st set was a synthetic test which
utilized the circuit ‘-f Fig. 4.

Initially, all switches except S are closed and PS
Is set to 25 kA. Bk Is then opened to transfer tne
full current to llCCtlwhich then opens. Because of the
Timfted energy stored in the inductance of the power

The second set of tests were full power transfers
with subsequent high arc voltage interruptions. These
were a150 done with and wfthout ofl in !lP. All of t?e
40 Interruptions {n this sP* were successful.

The DC Circuit flreflk~r

Fig. 4. Synthetic test circuit for BP.

supply loop, the arc ir, the DCCB clears without moving
into the 5 kV arc chute. PSCS now opens 0:1 zero
current and S Is closed. The hiql voltage power
supply, HVPS, is set to 10 kV; and thi #oltage appears
across BP, simulating twice the arc voltage that would
have been generated by DCCB had sufficient energy been
stored fn the loop. Over 200 tests were performed in
this manner with no breakdown of BP. The oil was then
drained from BP, and the test was repeated with no oil
in the contact gap. The sh’tch stfll performed
satisfactorily. When the contact stroke was reduced to
one half the ,lorm~l stroke, a breakdown was observed.
Thfs exercise was dor,t=to determine if the switches had
sufficient dielectric strength to run in the absence of
a circulating oil bath. The swftch was then t?sterl
aqafn for continuous current temperature rfse.

The dc circuit breaker se’
LCT fs a Ucstin-?ouse type
maqnetfc circuit breaker. Thi
continuou$ current ratfng and ,
The nominal voltaqe rating is
photograph of two of these
series In the test farlllty.

ecteri by ORNL for usP In
IIMI’I semi-hiqh speed, dir
interrupter has a 4 kA
special 5 kV arc chute.
.5 kV. Ffgurr ~ iS n

nterr pters connected in

l~sts began on a sinqle cfrcuit hreakt=r wfth the
circuit of Flq. 6. In this circuit DC\ll and l~p are
initially closed, S 1s op~n, and C is precharqrd. S
now close’s and C rlischartses throuqh L. 11 crowhsr$ C

iwhen 1.has reached peak currrnt and traps t c tnductivr
curre,lt in the cfrcuft hreakcr leq. Nnw, Ill’opcn~ to
transf~r the full current Into l’KCflwhich then opens.
The arc voltaqo of DCCII forc~s thp current Into R wnlch
sfmulates a protectfvr dump uperntlnn.

Almost 100 fntcrruptlons, not all ()f wf)i[-h
fnvnlvpd 11P, w~rr prrfornwd on n sfnqlc ftc [frcult
hr~akpr. lhc value nf R W.JS varle$ from fillto 1)()rl;:,
Thr currpn[ was vaI’fPd h?twefn 5 and 7q kA whfle I w,l$

rlther 3.7 nr 4.$ roll. All lntorrupfinnl wcrp

Successful . Ml,rn the recovery vnltnqc wns unrtor al~out

1.5 kV, tnterruptfnns W?I-e q?norally qu!tr clean nnd

very qufck, Flgurr 7 show} tho [urrpnt throuqh I)C(:II

for a Iq kA, 1.1 kV fnt.?rruptlon. Uhrn R ~nf chnnqr(i

to hfqhrr valu~s anrf prorfuc?d rrcnvery voltaqes qr~et,)r
than ),% kV, fnterrupttnll wrrr nnt as rlenn nr (Iulck,
Ftqur@ 11 lhows an IllkA interruption at 7,7$ kV.

Ilurfno the{r tyl)r< nf fnterruptlons, the rfr(uft

brrak~r reftrlke< on th~ lowrr contacts uhllr t ho

primary nr( II fn thp art’ rhutr, lhl$ r?$tr’fk.~ thrf]



Fig. ~. 19 kA, 1.3 kV interruption.

Flq. 5. Two series connected Westinghouse
rk rircuft breakers.

Fig, 8. lR kA, 7.?5 kV interruption.

due to tho hfqh .jftter of these circuit hrcaker~. bhcn
both interrupters opened sfmultanrously, intrrruptfnn
was quite good: however, this was ac.h{eved only rihuut
?S7 of the time, The rpst of the tlmc, onr of the
h?eakers would open early, and th~ rrstrlkinq prnces~
would cont!nue until thr ~wftch cloar~rl or unfll the
other t’)rP.Ik@i- open~tl suffir(ently to assi$!. Althouqh
fnterru;tlon was always achievPd In tho$c trqt$, thr
re$trfkfnq ceusmr an accpleratrd Proc,fn,( of tho

contacts And coutaminnt{rm of thr (n~,l]latnrs in Thr ari
chutp which would ev~ntunlly ledd to flslll.llo of thr
(iPv{ce.

Conrluslon.,

The powrr supply crowbar switch and the inter-
rupt:!.- bypa%~ switch wnre both nhlr to carry thr!~

continuous det!qn currontl of 7(1 ars(l 77.5 kA ,qn(j

Successfully prrform th~fr resprctfve makinq anti
breaklnq duties. N-I advers~ rro$lnn wa$ rh+trcted In
rfthpr device aftet. srurral hundrrd oporatlon$. Thc%o
devic~s st,ould he ahlr to oporatr moro than 100(1 tlmr$
ts+for? meint.rnanrr Is rpqulr~d. In tddftion, thr
bypa:.~ \wftch was ahl< to w{thstand rrllahlj twl[o thv
e~ll~ctrd voltarlc aftrr current trdnffer to ch~ n(:(:ll,



The dc circuit ~reaker had no failures to fnter-
rupt in any of the tests performed In which currents
ranged from 5 to 28 kA and recovery voltages from 0.8
to 2.6 kv. Interruptions with recovery voltages
greater than about 1.5 kV were characterized by
multiple restrikes before final clearing. Tests with
two circuit breakers in series showed some improvement
In clearing time although this was strongly dependent
on the simultaneous opening of both breakers. This
simultaneous opening was hard to achfeve because of the
high jitter of the devices.
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